INTRODUCTION
The marine geomorphology of high latitude regions is especially complex in contrast to temperate regions, because of the presence of glacial activity. A particularly well explored region of Antarctica is along the western border of the Antarctic Peninsula. Because there is an adequate data base for the area, the present study was initiated to investigate the marine geomorphology of the sea bed in this dynamic region.
The region, shown in Figure 1 , stimulated exploration due to its proximity to logistic bases (ports) in South America, "relatively" mild climate (Rouch, 1957) , accessibility due to lack of ice barriers, and the high marine biologic productivity with resultant marine mammals. British and American whalers and sealers (Palmer, Biscoe, Bransfield), and Th. von Bellingshausen, the Russian explorer, early sailed these waters. The first accurate maps were constructed by the whaler Dallman in the vicinity of Palmer Island (Gourdon, 1914) . Later notable scientific expeditions in the vicinity included A. de Gerlache aboard La Belgica in 1898-1899 (Gerlache, 1902) , and J. Charcot in 1904 Charcot in -1905 aboard Le Français (Charcot, 1906; Gourdon, 1908) . Charcot, onboard Le Pourquot-Pas? (Charcot, 1910; Institut de France, 1910) , conducted coastal mapping surveys to latitude 70°S (Alexander and Charcot islands), at which point the survey was stopped by the impenetrable ice pack. In the 1930's, Great Britain commenced Antarctic oceanography with the HMS Discovery of the British Graham Land Expedition (1934) (1935) (1936) (1937) . Following World War II, interest in the region revived. The U.S. Navy High Jump Operation in 1947, followed by the International Geophysical Year, stimulated research vessels and icebreakers of Argentina, Chile, and Great Britain to explore the region. Additional data were collected by the R/S Ob in 1959-1960 and U.S. icebreakers Burton Island, Eastwind, Edisto, Glacier, Northwind, Southwind, Staten Island, and  Westwind. Of special value to our studies have been the data collected by the R/V Vema (17-I8th Cruises, 1960 (17-I8th Cruises, -1961 and the National Science Foundation sponsored cruises of the Hero and USNS Eltanin (Cruises 5, 6, 10, 11, 21, 23, 42, and 43) during which a complete suite of geophysical data were obtained. Tracks covered are noted in fig. 3 of Tucholke and Houtz (this volume) .
With relatively dense cover of sounding data in the area and because no further bathymetric work is scheduled for the immediate future, it seems to be an appropriate time to (1) construct a new bathymetric chart, (2) investigate the main geomorphic provinces, and (3) discuss the possible evolution of the continental margin in relation to the recent discoveries and interpretations of the southeastern Pacific. Delineation of physiographic provinces is also discussed in this volume by Tucholke and Houtz. The region covers 1.5 × 10 6 km 2 , an area comparable to the Atlantic continental shelf of the United States or the northwestern Europe epicontinental seas as a whole.
MORPHOLOGY

Antarctic Peninsula
As is evident in Figures 1 and 2 , the Antarctic "Panhandle" is a peninsular arc bordered by numerous archipelagoes which extend as lineaments southward from the main islands of South Shetland, Palmer, Biscoe, Adelaide, Alexander, and Charcot. The coastal lands are elevated generally more than 2000 meters with a maximum of 2820 meters on Anvers Island (Figure 3 ). The northwestern archipelagoes and capes are ice free, sculpted in rugged cliffs and deep fjords which were mistaken by early explorers as straits connecting the Bellingshausen and Weddell seas. The number of glaciers debouching into the fjords increases southward where the Antarctic climate becomes dominant. The ice, covering the inland plateaus with a surprisingly even surface, flows down to the sea forming ice cliffs (60-80 m) which are the most common form of coastal relief. Rock outcrops on the inland plateaus are limited to nunataks. The ice cuts either into the rocky substratum or incises the pebble beaches (Flores Suva, 1952) . It is only south of latitude 69°S that the ice extends seaward as floating ice shelves such as the Wordie, Wilkins, and Bach ice shelves (the latter two are south of the limits of Figure 1 ). The glaciated rocky coastlines of the mainland and adjacent islands are adjoined by numerous bevelled rocks and reefs at water level, producing a coastal landscape similar to the "strandflat" of Scandinavia (Holt.edahl, 1929) .
The outline of the coast and its intricate contours are controlled by geologic structures such as (1) scarps which are well developed because of the intercalation of sills and volcanic agglomerates in the Meso-Cenozoic marine layers of the Andean Series, (2) outcrops of the resistant metamorphic and volcanic rocks, (3) fault controlled headlands and fjords, and (4) the submerged caldera of Deception Island. This structural influence has been analyzed in recent works reviewed by Adie (1964 Adie ( , 1972 . Stepped marine terraces and elevated beaches (Figure 3 ) are described on Livingstone Island (South Shetlands) and Marguerite Bay (Adie, 1964; Nichols, 1960 Nichols, , 1964 Calkin and Nichols, 1972) to be between 3 and 275 meters high; this elevation is partly due to the glacio-isostatic rebound.
Glacial erosion, of which the fjords are the most obvious traces, emphasizes the geologic structure. It is difficult to determine the role played by ice in the shaping of stepped landscapes such as those of Livingstone Island, which apparently are not strandflats but, rather, marine eroded surfaces. The northern shores of the islands generally lack beaches, presumably being protected by extensive sea ice which permitted limited wave erosion (Fuenzalida, 1964) . More prominent are the signatures of periglacial and "glacial" (drift ice) processes such as gravel beaches with a gelifraction and solifluction mantle, patterned grounds, glacial marine ablation and deposition (Gourdon, 1908; Joyce, 1950; Warnke and Richter, 1970; Flores Suva, 1972; Araya and Herve, 1972) .
Continental Shelf
The width of the continental shelf increases from north to south. West of the South Shetland Islands, in the north, the shelf is less than 200 km wide, whereas to the west of Charcot Island it largely exceeds 300 km (Figures 2 and 4) .
The Inner Shelf
At the periphery of the peninsula and major islands and offshore strandflat zone, there extends a narrow belt characterized by a rough and jagged topography. Seismic profiles are not available for the area, but the craggy form of the sea bed indicates the presence of a rocky substratum. This probably represents an eroded portion of the Antarctic mountains which underwent, during the Pleistocene, the alternate action of gelifraction and active erosion by the glaciers. Narrow depressions separated by steep rocky ridges parallel to the coastline are in alignment with the principal directions of the folding and faulting.
The Outer Shelf The edge of the platform is 400-500 meters deep and, in some places, more than 600 meters deep (Zhivago and Evteev, 1970) (Figure 4 ). Additional bathymetric profiles of the shelf edge and upper slope are presented in Figure 5 of Tucholke and Houtz (this volume) . The depth at the edge decreases northward to the extreme north of the peninsula where it usually lies between 200 and 300 meters. In this outer zone are found undulating plains with banks ("border banks" in the Soviet literature). They are, from north to south: Palmer, Renaud, Brategg, Matha, Adriasola, Alexander, Wilkins, and Charcot banks (Figure 3 ). This singular morphology is due most likely to widespread accumulative processes: (1) basal and terminal moraine deposits by inland ice and ice shelves (Carey and Ahmad, 1961) developed during the maximum phases of glaciation; (2) outwash material deposited during the interglacial periods; and (3) presently, glacial marine deposits added by icebergs and floes drifting from the south (Rouch, 1928) .
The presence of reworked glacial debris on the distal part of the shelf was revealed by inspection of Eltanin photographs. A photograph of the Eltaniris 5th cruise, Station 21 at 65°57'S, 70°15'W (375 m) shows multiple sizes of subrounded, blocky boulders mixed with an apparently compact mud (Dangeard and Vanney, in press; Dangeard et al., in preparation) . The terraine shows a morphological and sedimentological similarity to the Scotian platform (King, 1969 (King, , 1970 McLean and King, 1971) , and the East Greenland shelf as described by Sommerhoff (1973) . Unfortunately the navigational accuracy of the sounding lines is inadequate to determine the exact location of individual morainic ridges. Farther to the west Zhivago and Evteev (1970) observed an apparent ancient shoreline submerged at approximately 300 meters.
Shelf Channels
The continental shelf is deeply dissected by a pattern of troughs or channels oriented either parallel or perpendicular to the shore of the peninsula (Figure 3) . Between the islands, and particularly between the inner and outer zones, long "marginal" channels (according to the terminology of O. and H. Holtedahl) form deep passages, parallel to shore, almost continuously from the South Shetlands to the offshore area of Anvers Island (Bransfield Strait). Both are more than 1200 meters deep. Figure 3 shows this trough topography (in black) deeply hollowed between the insular shallow plateaus (<IO m). The declivity of the submarine slopes can exceed 500 m/km. To the south, Lavoisier and Marguerite channels (>800 m) form a similar trough. The "transverse" channels are shorter than parallel channels and are a normal prolongation of the fjords. Their seaward extension forms the saddles between the banks of the outer shelf. Boyd, Hugo, Adelaide, Vostok, Wilkins, and Charcot channels (Figure 3 ) are examples. Their offshore terminations are formed by a counterslope similar to the terminal basin of the present fjords.
In both types of channels glacial morphology is prevalent, but the limits of the channels may reflect fault control. Seismic reflection data in Bransfield Strait reveal 300 meters of low velocity (2-3.3 km/sec) sediments overlying more consolidated strata and thence a basement at a depth of 4-5 km with velocities of 4.2-4.3 km/sec (Cox, 1964; Griffiths and Barker, 1972) . The low velocity unconsolidated sediments are assumed to be glacial debris. Surficial volcanic morphology is perhaps associated with the Bransfield Strait. Ashcroft (1974) suggested that the cones ( Figure 5 ) reflect a line of volcanic events.
Continental Slope and Rise
The salient characteristics of the continental slope are its narrowness (20-60 km) and its steep slopes (average 12 m/km) (Figure 4 ). This high declivity seems to The continental rise is an interesting geomorphic unit of the Antarctic margin. It generally lies between the 3000 and 4800 meter isobaths, is up to 500 km wide with a slope of 3.6 m/km, and bears a striking similarity to the eastern North America continental rise (Heezen et al., 1959) . Three interesting geomorphic units lie within it and the adjacent ocean basin. (1) A seamount chain and a range of hills in the northern part, straddling 75° W between 60°-65°S; this belt of rugged topography is named Palmer Ridge by Tucholke and Houtz (this volume) and is a zone of high basement peaks behind which, in places, the continental rise sediments are ponded (Tucholke and Houtz, this volume). (2) Two deep-sea fans Palmer Cone (4000-4200 m isobaths) and, in the west, the Charcot Cone (4000-4600 m isobaths) have maximum breadths of about 400 km. Deep-sea channels in the former apparently are not as deep as those of Charcot Cone, the latter reaching a depth of 200-400 meters below the adjacent sea floor. Channels are numerous in the central part of the continental rise; they are characterized by well-developed levees on the western sides, and traces of axial migration as revealed by underlying channels (Tucholke and Houtz, this volume, fig. 4, 21, 22) . (3) Asymmetrical ridges at the base of the continental slope strike towards the west and southwest (i.e., west of Matha Bank, Figure 1 ). These forms, outlined by the isobaths between 3000 and 3600 meters ( Figure 1 ) and for which we apply the name "abyssal drifts" (Vanney, 1973) , appear to be like the Blake-Bahama Outer Ridges (Heezen et al., 1966; Johnson and Schneider, 1969; Markl et al., 1970) .
At Site 325, Leg 35 of the Deep Sea Drilling Project (Figures 3 and 6 ) 718 meters of Cenozoic sedimentary layers, consisting essentially of terrigenous detritus, clay, and claystone were cored (Hollister et al., 1974) . These authors suggested igneous basement rock (or Layer 2) lies just beneath (100 m) the base of the cored interval and that the oldest deposits are probably Oligocene. However, E. Herron (personal communication, 1975) believes these dates to be too old, if Baker's interpretation on the magnetic anomalies in the Drake Passage is correct (Figure 7) . To the south of Hero Fracture Zone the oceanic crust becomes younger eastward toward the foot of the slope and may be no older than 10 m.y. at Site 325 (Figure 7) . The rise would thus be no older than late Miocene. If we suppose that 10 m.y. are necessary for the deposition of the continental rise, we note that the sedimentation rate calculated from early Pleistocene to present is 0.007 cm/yr. During the Miocene and early and middle Pliocene this rate was probably triple that of the Pleistocene (0.02 cm/yr, Hollister et al., 1974) , thus suggesting vigorous continental erosion during the progression of Antarctic inland ice. The volume of ice-rafted debris occurring in the upper 400 meters of Hole 325 documents the contribution of glacial erosion to the sediment supply of the continental rise (Figure 6 ). In all likelihood, the retreat of the ice caps and the submergence of the shelf resulted in a slowing down of the sedimentation rate. The time of deceleration is unknown.
Ocean Basin
The Bellingshausen Abyssal Plain occupies the northwestern part of the study area (Figures 1 and 3) with depths varying between 4700 and 5000 meters. The plain is flat with a general northward declivity of less than 0.4 m/km; a few abyssal hills are aligned along latitude 61 °S. Ewing et al. (1966) termed the plain the "Bellingshausen sediment body." It was drilled at Site 322 (Figure 2) to the underlying basalt. The tholeiitic basaltic basement was reached at the bottom of 513 meters of sedimentary deposits, which apparently have been accumulating since the Miocene (upper Miocene?) and consist from base upwards of 300 meters of turbidites, 120 meters of consolidated claystone, and 94 meters of sandstone and claystone. The sediment source most likely was Antarctica. The apparent lack of glacial marine deposits suggests that icebergs never reached this region. Hays (1967) , Margolis and Kennett (1971), Weaver (1973) , and Vanney and Dangeard (in press) suggested the region was covered by pack ice during maximum glaciation.
Drake Passage (Figure 3 ) includes three subdivisions: (1) In the west, stepped plateaus (probably volcanic), delineated by sinuous scarps the upper edge of which lies near the 3000-meter isobath, are separated by narrow abyssal gaps scarcely wider than 10 km; the authors suggest that future detailed surveys might reveal the fabric to be parallel to the magnetic lineations shown in Figure 7 . (2) The topography of the basins which border the plateaus to the east is rough, with depressions delineated by the 3000-4000 meter isobaths, and low ridges oriented northeast-southwest; within them are low seamounts (i.e., the chain along 65°W). (3) On the southeast part of Drake Passage and at the base of the Antarctic slope lies the South Shetlands Trough. It is a deep asymmetrical trench made up of at least two flat-bottom basins communicating through a narrow gap. The southwest trench reaches 4600 meters depth whereas the northeastern one does not exceed 5000 meters depth. The trough is the postulated course used by the eastward migration of sediments (Ewing et al., 1966) .
The topographic features in (1) and (2) above are probably controlled by fracture zones, lying to the southeast of the Shackleton Fracture Zone, which clearly offset the magnetic lineations discovered by Barker (1972a) (Figure 3 ). Herron and Tucholke (this volume) have delineated two which they have named Hero and Tula. Barker postulated that the South Shetland trenches are a subduction zone in which the oceanic crust (Aluk plate, Herron and Tucholke, this volume) is subducted under the northern termination of the Antarctic Peninsula.
GENERAL REMARKS
The continental margin of the western part of the Antarctic Peninsula has been influenced by two main evolutionary factors, sea-floor spreading and climate. Two independent sea-floor spreading centers appear to have operated in the region. One, in the Scotia Sea, created a major part of the crust within the last 40 m.y. (Ewing et al., 1971; Barker, 1972b; Barker and Griffiths, 1972; Davey, 1972; Griffiths and Barker, 1972) .
The other, in the South Pacific and active since Late Cretaceous, has shifted the New Zealand-Chatham Rise block to its present location (Herron, 1971; Molnar et al., 1975) . However, the configuration and the numeration of the magnetic anomalies detected beaneath the continental rise of the Antarctic Peninsula seem to Hollister et al. (1974) .
indicate that an autonomous sea-floor spreading center has been operating in the Bellingshausen basin (Pitman et al., 1974) . The magnetic anomaly pattern might be explained ( Figure 7 ) by a triple junction which has been subducted beneath the Antarctic Peninsula (McKenzie and Morgan, 1969) . Because triple junctions are assumed to be coincident with "hot spots" or "mantle plumes," the presence of one in this region might relate to the formation of the tabular topographic seamounts, the construction of a minor seamount chain, and generally, the extensive shoaling of the western Drake Passage. According to this explanation a ridge crest would be beneath the continental margin west of 70°.
The relation between this hypothetical "hot spot" and the volcanic activity on Deception Island is unknown. Substantial evidence of subduction on the Antarctic Peninsula exists (Dalziel et al., 1974) although ophiolitic rocks are unknown in western Antarctica. Since the time of subduction, the Antarctic margin has been inactive except in the north where subduction under the South Shetland Trough is evidenced by volcanism and earthquake epicenters. The controlling tectonic pattern, therefore, is probably the result of uplift associated with a "hot spot" and its related triple junction and associated fracture zones. The subduction of the oceanic crust along the Antarctic continental margin has uplifted the Antarctica Mountains with associated rift structures and volcanic events (Dalziel et al., 1974) . The larger depressions (i.e., Bransfield Strait) are apparently the result of extensional processes as is suggested by the presence of intermediate crust as well as its steep fault controlled walls. These extensional phenomena are similar to those suggested by Karig (1970 Karig ( , 1972 in the insular arcs of the West Pacific. The second major influence on the morphology of the Antarctic continental margin is the climate. During the growth stages and maximal extension of the glaciers, erosion was extended to the outer reaches of the continental shelf. Normal prolongation of inland valley glaciers, and the flow of effluents produced an overdeepening and enlarging of the transverse valleys with the marginal fractures being incised by the glaciers. The outer shelf "banks" were probably constructed by terminal moraines of the glaciers. It is undoubtedly the rafting of these materials that resulted in the deposition of coarse glacial material above the continental slope.
The unusual depth of the outer shelf is perhaps due to the overloading by inland ice (1 to 2 km, Voronov, 1960) and incomplete postglacial isostatic rebound because of the persistence of thick ice caps on the mainland. According to the concept developed in the Soviet literature for the portions of the eastern Antarctic continental margin, the longitudinal shelf depressions are perhaps related to fracturing dependent upon the extent and thickness of the ice load. The longitudinal channels would be a glacio-dislocation line between the continental inner shelf alternatively uplifted and depressed, and the offshore sea floor. As Guilcher (1963) put forward, it is possible to combine the tectonic and glacial explanations insofar as Cenozoic faulting has predisposed the isostatic "breathing" along faults. Holtedahl (1970) and Johnson et al. (1975) , studying the continental margins in the northern hemisphere, believe the longitudinal channels represent the boundary between the crystalline high velocity Paleozoic and Pre-Cambrian rocks and low velocity Mesozoic rocks deposited in epicontinental basins at the initiation of continental drift. This hypothesis may be valid for Antarctica also, with the sea bed seaward of the longitudinal channels consisting of Mesozoic sequences formed when Gondwanaland was undergoing initial rifting. The longitudinal channels would represent Mesozoic antithetic fault traces subsequently scoured by glacial action.
The present authors thus believe that the morphological development of the Antarctic continental margin is the result of structural processes, such as subduction, rifting, and sea floor spreading, modified by vigorous glacial processes which occurred during the lower sea levels of Plio-Pleistocene time. Vanney, J.R. and Dangeard, L., in press . Les depots Peninsula: Arev. Geogr. Phys. Geol. Dyn., v. 12, p. 
